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Ethers 


° The formula is R—O—R’, where R and R’ are alkyl 
or aryl. 


° Symmetrical or unsymmetrical 


H—0O—H R—O—H R—O-R’ 


water alcohol ether 


Examples of ethers 


CH,CH,—O—CH,CH, € \-o-cn, {  ) 
O 


diethyl ether methyl phenyl ether tetrahydrofuran 
(a symmetrical ether) (an unsymmetrical ether) (a symmetrical, cyclic ether) 
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Structure and Polarity 
bd 

I 110° SA : oo 
wf \" H 


*Oxygen is sp? hybridized. 


*Bent molecular geometry 
°Tetrahedral C—O—C angle is 110°. 
¢Polar C—O bonds 
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Table 14-1. Comparison of the Boiling Points 
of Ethers, Alkanes, and Alcohols of Similar 


Molecular Weights 


Compound Formula M bp 
Ww (°C) 
water H,O 18 100 
ethanol CH,CH-OH 46 78 
dimethyl CH;-O-CH, 46 -25 
ether 
propane CH;CH,CH; 44 -42 
n-butanol CH;CH,CH,CH,-OH 74 118 
tetrahydrofur C,H,O (cyclic) 72 66 
an 
diethyl ether © CH,CH,-O-CH,CH, 74 35 
pentane CH,CH,CH,CH,CH, 72 36 


Dipole Moment 
)) 


1.9 
1.7 
les) 


0.1 
tal 
1.6 


1.2 
0.1 


Note: The alcohols are hydrogen bonded, giving them much higher boiling 
points. The ethers have boiling points that are closer to those of alkanes with 


similar molecular weights. 
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Hydrogen Bond Acceptor 


Alcohol Ether Alcohol + ether 
@ @' 4 '@ so 
rd 
OH O O—R [e) Oi (e) 

/ \ 7 ¥ / \ 

R R R R R R 
hydrogen bond no hydrogen bond hydrogen bond 
donor acceptor no donor acceptor donor acceptor 


eEthers cannot hydrogen bond with other ether 
molecules, so they have a lower boiling point than 
alcohols. 


Ether molecules can hydrogen bond with water 
and alcohol molecules. 


They are hydrogen bond acceptors. 
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Table 14-2. Physical Properties 
of Ether 


Nai Structure mp (°C) bp (°C) Density (g/mL) 
dimethyl ether CH;—O—CH,; -140 -25 0.66 
ethyl methyl ether CH,CH,—O—CH, 8 0.72 
diethyl ether CH,CH,—O—CH,CH; -116 35 071 
di-n-propyl ether CH,CH,CH,—O—CH,CH,CH; -122 1 0.74 
diisopropyl ether (CH;);CH—O—CH(CH)) ~86 68 0.74 
1,2-dimethoxyethane (DME) CH;—O—CH,CH,—O—CH, -58 83 0.86 


methyl! pheny! ether (anisole) ano -37 154 0.99 


diphenyl ether €\¢ 21 259 1.07 
furan l\ - 86 32 0.94 


Oo 


tetrahydrofuran (THF) l 2 —108 65 0.89 
ie) 

1,4-dioxane 0) ll 101 1.03 
ie) 
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Ethers As Solvents 


: ; C) 
CH,CH,—O—CH,CH,  CH,—O—CH,CH,—O—CH, ) O 


diethyl ether 1,2-dimethoxyethane tetrahydrofuran 1,4-dioxane 
“ether” DME, “glyme” THF, oxolane dioxane 
bp 35 °C bp 82 °C bp 65 °C bp 101 °C 


eEthers are widely used as solvents because 


-they can dissolve nonpolar and polar 
substances. 


-they are unreactive toward strong bases. 
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Solvation of lons with Ether 


ether solvates cations: 


R + 
R ns re 
| Gy Pa 
R—O @) 
eS ~) 
R_ Fad R 
y= pn (not well solvated) 


*An ionic substance such as lithium iodide is 


alcohol solvates cations and anions: 


R H Lit O 
H a 1 H7- SR 
| Gy w® : 
R—O Oo . — 
ye (4 \ oH O 
ye feP HH | Ft 
—0@ 0 it 
/ / SR NR ~ 
R H O—R 


moderately soluble in ethers because the small 
lithium cation is strongly solvated by the ether’s 


lone pairs of electrons. 
°Unlike alcohols, ethers 


bond donors, so they do not solvate smal 


well. 
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cannot serve as ey anode 
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Ether Complexes 


*Grignard reagents: 
Complexation of an ether with 
a Grignard reagent stabilizes 
the reagent and helps keep it 
in solution. 


*Electrophiles: The ether’s 
nonbonding electrons 
stabilize the borane (BH;). 


i 
ae 


H 
BH,:THF 


@ Pearson Copyright © 2019 Pearson Education, Inc. All Rights Reserved Slide - 10 


Crown Ether Complexes 


ie) 
On Lit 
e) 
12-crown-4 15-crown-5 18-crown-6 18-crown-6 EPM of 18-crown-6 
solvates Li* solvates Nat solvates K* with K* solvated 


*Crown ethers can complex metal cations in the 
center of the ring. 


°The size of the ether ring will determine which 
cation it can solvate better. 


*Complexation by crown ethers often allows polar 
inorganic salts to dissolve in nonpolar organic 
solvents. 
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Common Names of Ethers 


*Name the two alkyl groups attached to the oxygen 
and add the word ether. 


*Name the groups in alphabetical order. 


*Symmetrical: Use dialkyl or just alkyl. 


CH3 
CH3CH2—O—CH2CH3 CHs—O—G—CHs 
CH3 
diethyl ether or t-butyl methyl ether or 
ethyl ether methyl t-butyl ether 
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IUPAC Names: Alkoxy Alkane 
Names 


°The more complex alkyl group is the alkane name. 
The small group (with the oxygen) becomes an 
“alkoxy” group. 


Hs O—CHs 
CHs—O—C—CHs 
CHg 


2-Methyl-2-methoxypropane Methoxycyclohexane 
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Cyclic Ethers (Heterocycles) 
¢ Heterocyclic: Oxygen is part of the ring. 
¢ Epoxides (oxiranes) ae 
- Oxetanes [! 
¢ Furans {% (oxolanes ( ») 


* Pyrans ( ] (oxanes C) 
O Oo 


¢ Dioxanes C 
Oo 
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Epoxide Nomenclature 


*Name the starting alkene and add oxide. 


H 
Ci peroxybenzoic acid 
it ae ee 
H 


cyclohexene cyclohexene oxide 


The oxygen can be treated as a substituent 
(epoxy) on the compound. Use numbers to specify 
positic~ it 


H., LO ,H 
Mn FT 
1 4 5 6 
CH, a CH,—CH, 
HCH, OCH, 
trans-|,2-epoxy-4-methylcyclohexane cis-2,3-epoxy-4-methoxyhexane 


@ Pearson Copyright © 2019 Pearson Education, Inc. All Rights Reserved Slide - 15 


Epoxide Nomenclature 
(Continued) 


° The three-membered oxirane ring is the parent. 
(Oxygen is 1; the carbons are 2 and 3.) 
Substituents are named in alphabetical order. 


1 


\ 
H ip H H as CH,CH, H 20h CH, 
H H  (CH,),cH”” *~ CH, CH, CH,O~’ ae st 
oxirane 2,2-diethyl-3-isopropyloxirane trans-2-methoxy-3-methyloxirane 
1,2-epoxyethane 3,4-epoxy-4-ethy]-2-methylhexane 1,2-epoxy-1-methoxypropane 
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IR Spectroscopy of Ethers 


°IR: The C—O stretch is in the fingerprint region 
around 1000-1200 cm7. 


eMany compounds have the C—O stretch. 


*If the IR spectrum has the C—O stretch but does 
not have a C=O or an OH stretch, then the 
compound is most likely an ether. 
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MS Spectrometry of Ethers 


a Cleavage 
H 


p. H 
Sc+O—-R <> Sc=9#R 
H H 


[R-+CH,—O—R]' > RR + 
not observed 
oxonium ion 


°Main fragmentation is the a cleavage to form the 
resonance-stabilized oxonium ion. 


*Either alkyl group can be cleaved this way. 
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Loss of an Alkyl Group 


Loss of an alkyl group 


[R—CH,—O+R]J* 


O—-H <> R cH=o%-n | + -R’ 
not observed 
oxonium ion 


or 
[R—CH,—OfR]' —> R—CH,—O- + ¢R’ 


not observed alkyl cation 


*The C—O bond can be cleaved to produce a 
carbocation. 
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MS Spectra of Diethyl Ether 


@ Pearson 


abundance 


| |_| | | 
80 ! 
: | CH:CHy— O—CH,CH; | 
60 | 59 | ] ] | 
Mt | 
| 5 
| | it tt | 
20 
0 | I | | 
10 ' 20° 30 40 50° 60 70 80 90 100° 110' 120' 130° 140 150 ' 160 
re 
Loss of an ethyl group 
45 i 
(CH; —CH,~-O—CH,—CH,]* > H—O=CH—CH; + -CH,CH, 
mlz TA ne, 45 loss of 29 
« Cleavage 
59 % 
[ckt,—cH,—o—cit, beri! —> CH,—CH,—O=CH, + -CH, 
mi 74 m/z 59 loss of 15 
a Cleavage combined with loss of an ethylene molecule 
+ + 
CH,—CH,—O=CH, H—O=CH, + CH,=CH, 
nz 59 m/z 31 loss of 28 
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NMR Spectroscopy of Ethers 


Leo 565-590 


eer: 53.5-64 


°The typical chemical shifts for ethers in NMR are 


13C—O signal between 6 65 and 90. 
1H—C—O signal between 4 3.5 and 4. 
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Williamson Ether Synthesis 


R—Or XR’ res —; R—O—R’ xe 


This method involves an S,2 attack of the alkoxide 
on an unhindered primary halide or tosylate. 


°The alkoxide is commonly made by adding Na, K, 
or NaH to the alcohol. 
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Examples of the Williamson 
Synthesis 


OH OCH,CH, 
(1) Na 
(2) CH,CH,OTs 


cyclohexanol ethoxycyclohexane 
(92%) 
OH OCH, 
(1) NaH 
nd 
(2) CHgI 
3,3-dimethylpentan-2-o0] 2-methoxy-3,3-dimethylpentane 
(90%) 
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Phenyl Ethers 


OH O—CH,CH,CH,CH, 
NO NO, 


is) 


(1) NaOH ; 
(2) CH,;CH,CH,CH,—I 


2-nitrophenol 2-butoxynitrobenzene 
(80%) 


*Phenoxide ions are easily produced because the 
alcohol proton is acidic. 


*Phenyl halides or tosylates cannot be used in this 
synthesis method. 
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Solved Problem 1 


(a) Why is the following reaction a poor method for the synthesis of butyl 
propyl ether? 

(b) What would be the major product from this reaction? 

(c) Propose a better svnthesis of Hbutv! propv! ether. 


does not 
CH; give CH; 
CH,CH,CH)—O- Nat + CH; 5 Br Mk CH; i O—CH,CH2CH3 
CH; CH3 
sodium propoxide tert-butyl bromide tert-butyl propyl ether 


Solution 
(a) The desired S,2 reaction cannot occur on the tertiary alkyl halide. 


(b) The alkoxide ion is a strong base as well as a nucleophile, and elimination 


prevails. 
H CH; 
f° hy ] E2 Ans 
CH;CH,CH,—O:" Nat + H 5 5 CH; > HyC=C. 
sodium propoxide H (@r CH 
tert-butyl bromide isobutylene 


+ CH;CH;CH,OH + NaBr 
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Solved Problem 1 (Continued) 


Solution (Continued) 


(c) A better synthesis would use the less hindered alkyl group as the S,2 
substrate and the alkoxide of the more hindered alkyl group. 


CH; H CH; 

ee Na* + CH,CH) B)# aNE CH;—C—O—CH,CH,CH; 
CH, Cr a 

sodium tert-butoxide 1-bromopropane tert-butyl propyl ether 
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Alkoxymercuration- 
Demercuration Reaction 


My e Hg(OAc), fl i NaBH, i d 
> > 
4 [ | | | 
AcOHg :‘O—R H OR 
mercurial ether 
Example OCH, 


Hepa, Se  cayce a CH 
2 H = - > 5)s— — 
3(CH,); 2 (2) NaBH, (CH); 3 
2-methoxyhexane, 80% 
(Markovnikov product) 


hex-1-ene 


eUse mercuric acetate with an alcohol. The alcohol 
will react with the intermediate mercurinium ion 
by attacking the more substituted carbon. 


@ Pearson 
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Industrial Synthesis of Ethers 


*Bimolecular condensation of alcohols 
*Industrial method, not good lab synthesis 


°lf temperature is too high, alkene forms. 


HSO, 


— CH3CH,-O—CH)CH;3 
140°C 


CH,;CH,—O-H + H—O+CH,CH, 
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Examples of Industrial 
Synthesis of Ethers 


H,SO,, 140 °C 
2CH,CH,CH,OH }=————* __CH,CH,CH,—O—CH,CH,CH, + H,0 
n-propyl alcohol n-propyl ether 
(75%) 


H,SO,, 140 °C 
CH,-CH—CH, © ————> __H,C=CH—CH, + H,O 
| unimolecular dehydration 
OH (no ether is formed) 
isopropyl alcohol 
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Cleavage of Ethers by HBr and 
HI 


eEthers are unreactive, which makes them ideal 
solvents for a lot of different reactions. 


*They can be cleaved by heating with concentrated 
HBr and HI. 


°Reactivity: HI > HBr 
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Mechanism of Ether Cleavage 


*Step 1: Protonation of the oxygen 


R R oH 
Cn: OW B 
7 Ls e r 
/ = <* 
R’ R’ 


°Step 2: The halide will attack the carbon and 
displace the alcohol (S,2). 


@ Pearson Copyright © 2019 Pearson Education, Inc. All Rights Reserved Slide - 31 


Mechanism of Ether Cleavage 
(Continued) 


HB 
R’—O—H —-> R’—Br + H,O 


°Step 3: The alcohol reacts further with the acid to 
produce another mole of alkyl halide. 


eThis does not occur with aromatic alcohols 
(phenols). 
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Phenyl Ether Cleavage 


*Phenol cannot react further to become a halide 
because an S,y2 reaction cannot occur on an sp? 


carbon. 
io 
Bro CH,CH, 
‘ _CH,CH, 7 
0, sats 20S 
Re 
or = 
ethyl phenyl ether protonated ether 


:0H 
— Cy + Br—CH,CH, 


phenol ethyl bromide 
(no further reaction) 


@ Pearson Copyright © 2019 Pearson Education, Inc. All Rights Reserved Slide - 33 


Autoxidation of Ethers 


°In the presence of atmospheric oxygen, ethers 
slowly oxidize to hydroperoxides and dialkyl 
peroxides. 


*Both are highly explosive. 


° Precautions: 
-Do not distill to dryness. 
-Store in full bottles with tight caps. 
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Mechanism of Autoxidation 


CH, 


CH, 


OOH 
excess O, 
R—O—€H,—_R’ Gow > R—-O—CH—R’ + R—O--0O—CH—R 
ether hydroperoxide dialkyl peroxide 
Example 
H.C CH, HC 00H H.C 
AR , excess O, \ | as a 
gon Oe (weeks or months) Ft Mia aE jo 0 0. 
H;C CH, H,C CH, H,C 
diisopropyl ether hydroperoxide : diisopropyl peroxide 
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Thioethers 


*R—S—R’, analog of ether 


*Name sulfides like ethers, replacing sulfide for 
ether in the common name, or al/ky/thio for alkoxy 
in the IUPAC system. 


H 
Cy we SCH,CH; 
CH3;—S—CH3 pws 


dimethyl sulfide methyl] phenyl] sulfide 4-ethylthio-2-methylpent-2-ene 
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Thiols and Thiolates 


CH,CH,—§:- + CH3CH,CHy Br — >  CH,CH,CH,—S—CH,CH; + =  :Bri- 
ethanethiolate 1-bromopropane ethyl propyl sulfide 


*Thioethers are easily synthesized by the 
Williamson ether synthesis using a thiolate ion as 
the nucleophile. 
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Sulfide Reactions 


°Sulfides are easily oxidized to sulfoxides and sulfones. 


HO, Il H2O2 Il 
CHy—S—CHs —_—~—__+ CHs—S—CHs ——————_> CH;—S—CH 
7 > “CH3COOH : 3 CH3COOH eT 


°Sulfides react with unhindered alkyl halides to give 
sulfonium salts. 


oa 
CH3—S—CH3 + CH3—| ———> CHs—S—CHs | 
CH3 
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Thioethers as Reducing Agents 


a O 
05. CTS ONG S—CH, fe) I 
“dimethyl sulfide ~ sulfide fe) + CH;—S—CH3 
dimethy] sulfoxide 


H 


= 


*Because sulfides are easily oxidized, they are 
often used as mild reducing agents. 
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Silyl Ethers 


R 
R—O—R’ R—S—R’ R—O— Si— R’ 
ether thioether He 
(sulfide) silyl ether 


°Resistant to some acids, bases, and oxidizing 
agents 


°More easily formed and more easily hydrolyzed 


°Used as protecting groups for alcohols 
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Alcohol-Protecting Groups 


(o) re) O” +MgBr 
OH PhMgBr O- OH 
ether NOT Ph 
*MgBr 


elf the molecule has more than one functional 
group, sometimes their reactivity can interfere 
with the desired reaction. 
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Silyl Ethers as Protecting 
Groups 


ai 
Et,N: Bu,Nt F~ 
R—-OH +. i-Pr = cl +  R-O0-SiI-< a 5 ORCOH + GP), SiF 
i-Pr (deprotected) +  BuyN*-OH 
chlorotriisopropylsilane TIPS ether 
(-Pr),SiCl (R-O-TIPS) 
(TIPSCI) (protected) 


°Protecting the alcohol as a silyl ether will ensure 
the Grignard will react with the carbonyl. 


°The silyl ether group can be removed in aqueous 
or organic solvents. 
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Sulfonium Salts as Alkylating 
Agents 


= +/ 
Nuci~ *CH;—S% X- — > Nuc—CH, + R-S-R + X- 
ze Nf =k 2 os 
R 
nucleophile sulfonium salt sulfide 
Example 

oy ‘als, 7 
We + cH Cet , ar — 4 /NUCHs +  CH,—S—CH, 
pyridine trimethylsulfonium iodide N-methylpyridinium iodide dimethyl sulfide 


°Used as alkylating agents because the leaving 
group that forms is neutral 
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Synthesis of Epoxides 


O O O 
re i | = 
C=C + R—C—O—Q@-H —? c= + R=C—O 
x \ | | 
alkene peroxyacid epoxide acid 


°Peroxyacids are used to convert alkenes to 
epoxides. 


*Most commonly used peroxyacid is meta- 
chloroperoxybenzoic acid (MCPBA). 


°The reaction is carried out in an aprotic acid to 
prevent the opening of the epoxide. 
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Selectivity of Epoxidation 


CH, CH, 
MCPBA (1 equiv) 
OT O 
H CL So: 
CH, CH, 


O 
— 
CL x 1,2-dimethylcyclohexa-1,4-diene cis-4,5-epoxy-4,5-dimethyleyclohexene 
0 Me2+ 
Oo” ‘ Ph CH. ! 
ome Seo" 3 MMPP ee 
} YZ % H,0/CH;CN 
2 H NO, H NO, 
MMPP (E)-2-nitro-1-phenylpropene (E)-2-methyl-2-nitro-3-phenyloxirane 


eThe most electron-rich double bond reacts faster, 
making selective epoxidation possible. 
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Halohydrin Cyclization 


elf an alkoxide and a halogen are located in the 
same molecule, the alkoxide may displace a 
halide ion and form a ring. 


°Treatment of a halohydrin with a base leads to an 
epoxide through this internal S,2 attack. 
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Epoxides via Halohydrins 


Formation of the chlorohydrin 


a Ger H Cl 


cyclopentene chlorine water chloronium ion trans-chlorohydrin 
(mixture of enantiomers) 


Displacement of the chlorohydrin 


PE ™ Pe - ® 


H ck 
trans- een aioe epoxide 
(50% overall) 
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Acid-Catalyzed Opening of 
EpSXIdeSnation of the oxygen 


Ce, = es 
2 
H H 


H H 


1,2-epoxycyclopentane 
°Step 2: Water attacks the protonated epoxide. 
°Step 3: Deprotonation of the trans-1,2-diol 


H,O: 
25 ee 
H H H J oe 
_ H H 


trans- Soma ip — diol 
(mixture of enantiomers) 
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Acid-Catalyzed Opening of 
Epoxides in Alcohol Solution 


om ,OH a {OH 
BO aby + CH,OH, 
H = :Q—CH, 


go H 
clopentanol (82%) 
1,2-epoxycyclopentane Y antie of enaationees 


°A molecule of alcohol acts as the nucleophile and 
attacks and opens the epoxide. 


°This reaction produces an alkoxy alcohol with anti 
stereochemistry. 
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Base-Catalyzed Opening of 
Epoxides 


i Cr” H OH 


1,2-epoxycyclopentane 
°The hydroxide ion attacks and opens the ring. 
*The diol is obtained after protonation of the 


alkoxide with water. 
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Ring Opening in Base 


105 kJ 
ring strain 


¥ (od 
| 

“| 

“ft 


4 


potential ener; 


reaction coordinate ———- 
°An epoxide is higher in energy than an acyclic 
ether by about 25 kcal/mol ring strain. 


°Release of the ring strain makes the opening of an 
epoxide thermodynamically favored. 
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Ring Opening with Hydrohalic 


Acids 


S) 
z 
—o—x 


a a 
2. 
) 
~ 
v 
On. 
wae 


(several steps) 


°After protonation the halide ion attacks the 


protonated epoxide. 


°The halohydrin initially formed reacts further with 


HX to give a 1,2-dihalide. 
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Regioselectivity of Epoxidation 


HC oa 
H,C—C—CH, 


H*, CH,CH,OH l 
O 
x \ ee CH;CH, ane 
ee 


2-ethoxy-2-methylpropan-|-ol 
acid-catalyzed product 


CH, 
2,2-dimethyloxirane OH 
CH,CH,0?, EtOH = 

gully! H,C—C—CH, 


H,C O—CH,CH, 
1-ethoxy-2-methylpropan-2-ol 
base-catalyzed product 
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Solved Problem 2 


Predict the major products for the reaction of 1-methyl-1,2- 
epoxycyclopentane with 

a) sodium ethoxide in ethanol. 

b) H,SOQ, in ethanol. 

Solution 


a)Sodium ethoxide attacks the less hindered secondary carbon to give (E)-2- 
ethoxy-1 methylcyclopentanol. 


Ll maz — 
:O—CH,CH, 
CH, ore CH, OCH,CH, 


b)Under acidic conditions, the alcohol attacks the more electrophilic tertiary 
carbon atom of the protonated epoxide. The product is (E)-2-ethoxy-2- 
methylcyclopentanol. 


77 SP 


CH,CH,—O—H CH,CH, 
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Biosynthesis of Steroids 


squalene 
epoxidase 
(enzyme) 4 
— 
3 
HO 1 
H.C. CH, 
squalene . squalene-2,3-epoxide cyclized intermediate 


CH, CH, 


lanosterol cholesterol 
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Reaction of Epoxides with 
Grignard and Organolithiums 


OH 


1) eth 
(1) ether ClCH 


a 
R—MgxX + H,C—CH—R (2) HOF 
or R—Li . R 


¢Strong bases, such as Grignards and 
organolithiums, open the epoxide ring by 
attacking the less hindered carbon. 
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Epoxy Resins 
Oe Orn + ne “eH—ca.c —> 


bisp ey i ibe: N) 


fe) OH fe) 
ies | | | Z /" 
H,C—CH—CH,+-0 C) C) O—CH,—CH—CH,+0 C) C) O—CH,—CH—CH, 
n 


prepolymer 


oO 
R @e 1c i CH,Cl R i O—CH. i R C) O—CH. ch. ‘en 
maf 2 j 2 2 2 


°The earliest glues were made by carbohydrates 
and proteins. 


*Epoxies polymerize in place, so they match the 
shape of the joint perfectly. 
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The Second Epoxide 


BY) ou 
ri )-o-cH cht, OKO oH — RXC_))—0-cH—CH—cH—0 C)KO)-- 
° 


os OH % 
CH,—CH—CH,Cl i | Hoe 
R @ O—CH,—CH—CH,—0 C) | C) O—CH,—cfi—tH, 
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